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(57) ABSTRACT

The present invention provides methods, systems, computer
program products, and devices for renewable energy site
power limit control that address conditions of plant saturation
and loop delay. In an exemplary embodiment, power limit
control of the present invention is broken into two levels of
control: a site-wide real power limit control that produces a
single site-wide command, SitePlimCom, for all inverters,
and inverter-level power limit control that outputs a com-
mand, Inv[x].PlimCom[k], for individual inverters. In some
embodiments, the invention has one or more of the following
features: an integrator with nonlinear gains, limit based anti-
windup, a power limit control term based on the sum of both
integrator and feed-forward terms, and an inverter-level con-
troller designed to meet slew rate and site power overshoot
constraints. The invention can be used at any renewable
energy site employing inverters wherein improved dynamic
control performance is needed, including solar, wind, and
tidal energy sites.

18 Claims, 14 Drawing Sheets

31— STTESLEWINC — SLEW 7~
33 OPERATORPLIMREF —~{ IN

39

i

53
\ INTEGRATOR

56

BYPASS

36

FARMONLINERATEDPOWER /
INVRATEDPOWER




US 9,270,164 B2
Page 2

(56)

7,315,462
7,505,833
7,843,085
7,890,217
7,899,035
7,913,181
7,923,862
7,925,552
7,952,897
7,962,247
7,966,100
7,979,167
8,044,533
8,053,930
8,076,625
8,138,631
8,184,460
8,193,661
8,222,765
8,242,634
8,260,469
8,289,183
8,299,412
8,338,989
8,362,739
8,391,032
8,467,208

2003/0006613
2009/0132302
2010/0057267
2010/0145532
2010/0145533
2010/0253151
2011/0044083
2011/0060474
2011/0163606

References Cited

U.S. PATENT DOCUMENTS

B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
Bl
B2
B2
B2
B2
Bl

Al
Al
Al
Al
Al
Al
Al
Al
Al

1/2008
3/2009
11/2010
2/2011
3/2011
3/2011
4/2011
4/2011
5/2011
6/2011
6/2011
7/2011
10/2011
11/2011
12/2011
3/2012
5/2012
6/2012
7/2012
8/2012
9/2012
10/2012
10/2012
12/2012
1/2013
3/2013
6/2013

1/2003
5/2009
3/2010
6/2010
6/2010
10/2010
2/2011
3/2011
7/2011

Melhem
Delmerico et al.
Ledenev et al.
Cardinal et al.
Eklund et al.
Kumar et al.
Cardinal et al.
Tarbell et al.
Nocentini et al.
Beekhuis
Beekhuis
Delmerico et al.
Schill
Cramer et al.
Mcdonald
Allen et al.
O’Brien et al.
Jagota et al.
Collins et al.
Schatz et al.
Gregory et al.
Foss
Pan
Thompson
Perot et al.
Garrity et al.
Johns HO02M 1/4208
323/207

Lofetal.
Beekhuis

Liu

Gregory et al.
Cardinal
Gerhardinger
Thompson
Schmiegel et al.
Kumar et al.

2011/0169344 Al 7/2011 Suekane et al.
2011/0231159 Al 9/2011 Allert et al.
2011/0273129 Al 112011 Coeetal.
2012/0004780 Al 1/2012 Miller et al.
2012/0039101 Al 2/2012 Falk et al.
2012/0049636 Al 3/2012 Galbraith et al.
2012/0084027 Al 4/2012 Caine
2012/0205974 Al 82012 Mccaslin et al.
2012/0205981 Al 82012 Varma et al.
2012/0217807 Al 82012 Galler et al.
2012/0235498 Al 9/2012  Johnson
2012/0243416 Al 9/2012 Hussain et al.

2012/0262960 Al  10/2012 Giraut Ruso et al.
2012/0326511 Al 12/2012 Johnson
2013/0013257 Al 1/2013 Yamakawa et al.

FOREIGN PATENT DOCUMENTS

WO 2011101030 A 8/2011
WO 2011126346 A 10/2011
WO 2011129473 10/2011
WO 2011129473 Al 10/2011
WO 2011131631 A 10/2011
WO 2012056212 A 5/2012
WO 2012079729 A 6/2012
WO 2012127334 A 9/2012
WO 2012128803 A 9/2012
WO 2012154921 A 11/2012
WO 2013012677 A 1/2013
OTHER PUBLICATIONS

C. Sivaraman and J. Comstock, “Micropulse Lidar Cloud Mask
Value-Added Product Technical Report”, Jul. 2011, ARM Climate
Research Facility, 12 pages.

J. Carter et al., “Lidar 101: An Introduction to Lidar Technology,
Data, and Applications, National Oceanic and Atmospheric Admin-
istration”, Nov. 2012, Charleston, SC, 76 pages.

* cited by examiner



U.S. Patent Feb. 23,2016 Sheet 1 of 14 US 9,270,164 B2

12
SITE CONTROLLER [ 14
[YYYY P0|WER/
FEEDBACKS POWER LIMIT
VAR CONMAND -
16
/ n-" == 20
/
POWERSOURCE |— = INVERTER
STEP-UP
TRANSFORMER
POWERSORE |~ WRTER () ——
STEP-UP
; TRANSFORMER
POWERSORE |~ IWRTR () )——
STEP-UP
‘ TRANSFORMER
POWERSOURCE |—w  IWERKR () )——
STEP-UP

TRANSFORMER
" el



US 9,270,164 B2

Sheet 2 of 14

Feb. 23, 2016

U.S. Patent

- = = e e = = = e = e = =,

{9

~ WINOGLIVMNT ) |
/ EAMOdGILVNTINOWYVY |~ . i
9~ 89 ’ T ¢S Wns 3 \fw %Eészz_eéﬁz_ 2_5/ |
NI}=cof O/N ¥ 9g !
WOIWITd = 0 /7SI Ni= \%o Dy ) “
.\:_Aﬂ YT s/ ! T |
BMOMBEIMNIVW_ -~ | 4 (YOLYY9IINI WINd STUOUNELS |
—(NOLLNGIULSIC ONVWNO) WIld)” SSVdAd 7 N |
— M_Es_éz_/ 8 . L& U\ 4¢ |

95 « £ NI |=—434WT1d401V¥340 \Jmm
_ /4 WIS {=—INIMTISILS —— T

5 TR mm\ N [=—YIMOdXYWALIS —T 68

N |

A 104INO) LTWIT ¥IMOd TvIY LIS v- e

_&\



US 9,270,164 B2

Sheet 3 of 14

Feb. 23, 2016

U.S. Patent

)
NIANIWNN

.

WOWITd3LIS

]

a
a/N N

JOLVY9IINI WITd

wns 3

d_oE_EEmE ANYWWO) s_:@\

—
091

A

M
D10
AN ) /10

051

1y (NIWIEINT HOLV¥9IINI E._@\

\ A

X NIVONOLLVANLYS

3IIMOANTILIS
J

0vl

~—— NIANIWAN

XYW YOLVYIIINT f«—— XVWd

——  §IM0JAILVYILISYOLYYHIdO

/

XYW WS 3 ~— [0 4RI
(1041N0) LTWIT YOLVH93INI WITdY
[0-¥] N ot ’
VN =] 7 = - 1UNTIGYOLVEI40
( DYLUWId 5 TS = ININTISALIS [y B
0 = Y e SA4IMOAANTILS

e e e e e e e e e — — m — — — — — — — — — — — — — —— —— o —— o ——— o — ——— — ———— —

—I0NNOD HETS DR W)

0Ll

8_\

m 10YINO) LIWIT ¥3MOd 1v3Y LIS u -



US 9,270,164 B2

Sheet 4 of 14

Feb. 23, 2016

U.S. Patent

A

q¢ 94
[Q-HI4WId AM| |- T Ve
ar YAl

Al

11l

:ARIQ \ L1l
~ NI | TUWIIAN0LY¥Id0
< ONINISILS =
! E“M Ll ey m“m_ﬁgcn;zm_a
il — 11— e Ve

T0YINOI MITS TINT¥IATY WI1d




US 9,270,164 B2

Sheet 5 of 14

Feb. 23, 2016

U.S. Patent

D

)€ 91
I£1
— yayx
\
¥IMOJQILVILISHOLVYIAO
NIANIWNN
XVW 40LVYIINI XYWd
XVW WS 3 [a-{ 474N
661
(N A 7 (' 0uNC) LI HOLYIO3INT WTd
g1 g€l ¢

0€1




U.S. Patent Feb. 23,2016 Sheet 6 of 14 US 9,270,164 B2

113
J

SITEINVPOWERFB

SATURATIONGAIN

/C PLIM INTEGRATOR INCREMENT
140

FI6. 3D




U.S. Patent Feb. 23,2016 Sheet 7 of 14 US 9,270,164 B2

— 154
7 123
/ 139 / 156
/ > 155 157
149 uL Y. "
152 153 / 0 -+
— + £ IN
+
E_SUM

\i PLIM INTEGRATOR )J

50
Fi6. 3E




U.S. Patent Feb. 23,2016 Sheet 8 of 14 US 9,270,164 B2

160
K_/
/( PLIM COMMAND DISTRIBUTION )\
( N |~ 162 163
% /
157 N/D >
SITEPLIMCOM
D
135
NUMINVEN

\ %
Fi6. 3F




US 9,270,164 B2

Sheet 9 of 14

Feb. 23, 2016

U.S. Patent

b 91 i
( vovasan vous u/
WNS 0%
b0z
~
B Ol €0t
- \ 1no _M/ < J ¥ +
02 e~ J
/ q Al 0 / \
- i<y [\ T AN 174
| %0 ¥ Mwy_;zz:z
vz Y
g |
£ Cy
Y, S
W gg Nay
(ﬁ ANONIMIINY TRSIINL )
- iz
WNS Y0N43 B

L[ LE



US 9,270,164 B2

Sheet 10 of 14

Feb. 23, 2016

U.S. Patent

——_—— e e e e e e e e —— o

VS 91
N () N =0 WOIWITEIIS R
. g=y I NI
1OPINE=c 8y TS _s_u: INIMITSANI
I
VOIDIE0 d00T o) | | PIWOHIATXANT sy 10 0 “_%%_m_gz_
H._-V_Hssé._.ﬁmﬁz_ﬁl 7 N KWWIW | ONINGY LTWTV/MTS WODWITd ¥LHTANI
a iy
0z

XYW ~— [@-IWOOWI1d [XIANI
LIWIT¥IMOd [<— YIMOdTXIANI

NOLLYLNdWOD LIWIT ¥ddN WODWITd d3L4IANI
ol /

................................................... m WMOd VI WLEIANT u

Sm\



U.S. Patent Feb. 23,2016 Sheet 11 of 14 US 9,270,164 B2

310
-
/C INVERTER PLIMCOM UPPER LIMIT COMPUTATION )\
311 314
-
315
INV[x].POWER POWER LIMIT /
INV[x].PLIMCOM[k—D]j> MAX
\_ 313 -/

FIG. 5B



US 9,270,164 B2

Sheet 12 of 14

Feb. 23, 2016

U.S. Patent

g

)¢ 9
1t
/ WOIWTIZALIS
\ LINI 1! A\Io 626 \ GLE
,_ Nl 9~ nm
L INIMITSANI
:58::..2% LEI \ 1n0 M :
154 n 1 0 ¥IMOGIIVUANI
. zeA—E 7 pram
\_ 268 XVWAT1d -~
< T04INOD LIWIT/MITS WODWITd ¥3L4IANT
s1e"L g



U.S. Patent Feb. 23,2016 Sheet 13 of 14 US 9,270,164 B2

/ 324

313
70 —LHNV[X].PLIMCOM[k—D]
/340

/C OPEN LOOP DETECTION %
391
OL»INV[x].OL

_t-
\
b —J
i
-2

333

329

\'
L




US 9,270,164 B2

Sheet 14 of 14

Feb. 23, 2016

U.S. Patent

0sy B\

09 /

E

9914 \\\os
ETREILT M IEETRETT ETREILT M IEETEETT
d J O d J 4
| |
NOLLYLS NOLLYLS
HOLIMS HOLIMS
VM VM
BNGHE | g ONGHE | g
DLSNIaon
0l ~4
PETRELLT T ETRELL] h JEEIRETTT
§)d J d ot~ | LS J )
L NoLWIS / L NoLwIS
?:9_58 0S| [ HOLIMS TR 0Zp HOLIMS Vi
NIVW T0¥M 37108 | INMIHI | i HNGIRD | s
DLSNIaON \ DLSNAqoN
Obp
0¥
Y
(39Yd 4IM dLLH)
YWH¥IINT 401V43d0




US 9,270,164 B2

1

METHODS, SYSTEMS, COMPUTER
PROGRAM PRODUCTS, AND DEVICES FOR
RENEWABLE ENERGY SITE POWER LIMIT

CONTROL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is related to the control of power
limits at renewable energy sites such as solar, wind, and tidal
energy sites. More particularly, the present invention relates
to renewable energy site power limit control that addresses
conditions of plant saturation and loop delay.

2. Description of Related Art

Renewable energy sites are typically composed of multiple
power conversion devices connected in parallel generating
fixed frequency AC power to a grid. The devices are typically
AC-AC or DC-AC inverters. Inverters are designed to extract
maximum power from the renewable power supply, subject to
a real power limit reference and often, a reactive power com-
mand.

A simple and common scenario is to configure inverters
individually with the same fixed power limit and reactive
power reference and allow them to operate independently to
deliver power to the grid. The system is connected in terms of
power output, but not control. However, this scenario tends to
underutilize the total available power when it varies from
inverter to inverter, and cannot regulate total site output
power. Furthermore, such a system cannot regulate power at
a point on the grid separated from the collective inverter
outputs by grid impedance, especially when there are distur-
bances in grid voltage and load.

More recently, site controllers have been employed to
reduce these problems by measuring site total power feed-
back to actively control site total power. As shown in FIG. 1,
the site control loop 10 consists of commands 23 from the
controller 12 to the inverters 18 and feedbacks 21 from the
inverters 18 and/or a utility meter 14 back to the site controller
12. The inverters 18 are connected to a power source 16 such
as a photovoltaic (PV) module, and a step-up transformer 20
may intervene between the inverters 18 and the power meter
14.

The site controller typically generates the site-wide
inverter command by feeding the site power error between the
feedback and reference through a PI or I controller to generate
a site-wide power command and then divides that equally
among inverters to generate a command to send to individual
inverters. The inverter power controllers are typically much
faster than the site control loop. Therefore it is important to
implement as much control functionality by the inverter itself,
if possible.

However, traditional controllers can be improved by an
effective means of handling non-ideal plant saturation and
control loop delay, which cause many problems. The meth-
ods, systems, computer program products, and devices of the
present invention are designed to overcome the following
challenges of non-ideal operation encountered when imple-
menting site power limit control: 1) Poor utilization of avail-
able power near limits of inverter saturation when available
power is unequally distributed among inverters. The plant can
appear quite nonlinear in this situation and performance suf-
fers if appropriate anti-windup and saturation-dependent
integration techniques are not used; and 2) Degraded control-
ler dynamic response due to significant delay in the commu-
nications channels used to implement the control loop. Loop
delay can result in unnecessary integrator windup during
reference slewing and general instability. It can also result in
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2

large site power overshoot in the case of a power surge if
power limit commands are not distributed to inverters appro-
priately.

The first problem is that of quickly maximizing utilization
of available power when it is unequally distributed among
inverters. This might occur, for example, at a PV site on a
cloudy day when the PV array is partially shaded. In this case,
the total site output drops below the site power reference. To
compensate, the present invention increases the site-wide
inverter power limit commands by incrementing an integrator
which changes according to the error between the site power
limit reference and site power feedback. The change in the
integrator is chosen to take into account the number of invert-
ers which are capable of producing more power. Furthermore,
the present invention provides anti-windup techniques to pre-
vent the integrator from increasing while no inverter is
capable of increasing power output.

The second problem is that of handling significant site
control loop delay. This delay is due to site controller task
time and communication latency. This delay greatly restricts
controller bandwidth. To reduce dependence on loop delay,
exemplary embodiments of the present invention employ a
feed-forward term which provides a fast transient response
independent of feedback loop delay. The feed-forward term
sums with an error term which maintains zero steady state
error. Loop delay causes undesired integrator windup when
the power limit reference changes. In the present invention
the integrator error term is modified to compensate for this
effect of loop delay. Another side effect of loop delay is that
instantaneous site power surges cannot be corrected in less
time than the loop delay. Often, the utility imposes restric-
tions such as acceptable site power overshoot or site power
positive slew rate. At a PV site, for example, available solar
irradiance may change very quickly as clouds pass overhead.
Although there is nothing that can be done to prevent a sudden
drop in available power, a sudden increase in available power
can be prevented, even if the site control loop is not quick
enough to react to it. The present invention addresses this
issue by constraining each inverter power limit to be no larger
than a certain margin higher than the inverter output power.
This margin is the effective maximum real power overshoot
that could be expected to an instantaneous surge in available
inverter power. Incidentally, the margin also has the effect of
slew limiting inverter power up, which is typically desired.

Various power controllers exist, such as those described in
U.S. Pat. Nos. 8,260,469; 7,923,862; 7,890,217; and 6,512,
966; as well as in U.S. Patent Application No. 2003/0006613
(which patents and publication are hereby incorporated by
reference herein in their entireties), suffer from one or more of
the limitations described herein. There is a need for improved
renewable energy plant control that addresses issues of site
power saturation and loop delay so that dynamic performance
can be significantly improved.

SUMMARY OF THE INVENTION

An objective of the present invention is to improve existing
renewable energy site power limit control systems subject to
significant loop delay and site saturation.

The present invention achieves this objective by providing
improved methods, systems, computer program products,
and devices for providing power limit control at a renewable
energy site. The invention addresses problems associated
with site power saturation and loop delay by elements includ-
ing an integrator with nonlinear gains, anti-windup, a power
limit control term based on the sum of an integrator and
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feed-forward term, and/or an inverter-level controller
designed to meet slew rate and site power overshoot con-
straints.

In one embodiment, the present invention provides meth-
ods and systems of power limit control for a renewable energy
site comprising one or more inverters, which methods and
systems comprise generating a site power limit command and
an inverter power limit command.

In one embodiment, the site power limit command is gen-
erated by performing one or more of the following processes
and operations: 1. calculating a feed-forward power limit
reference PlimRef[k] based on a power limit reference slew
control process; 2. calculating a power limit integrator limit;
3. calculating a power limit integrator increment; 4. integrat-
ing an error integral term; 5. adding said power limit reference
to said error integral term to yield said site power limit com-
mand; and 6. distributing said site power limit command
among one or more inverters that are enabled at the site.

In another embodiment, the feed-forward power limit ref-
erence is compensated for loop delay.

In another embodiment, the inverter power limit command
is generated by performing one or more of the following
processes and operations: 1. calculating an inverter power
limit command upper limit; 2. calculating an inverter power
limit command based on an inverter power limit command
slew control process; and 3. detecting whether an inverter is
open loop.

In another embodiment, the present invention provides a
system for renewable energy power limit control, comprising
a renewable energy power limit controller operable to per-
form one or more of the processes and operations according to
the invention that are described and/or depicted in this dis-
closure. In another embodiment, the system of the invention
may further comprise one or more inverters in a two-way
communication with said controller through a network. In
another embodiment, the controller of the system of the
invention may send a site power limit command or an indi-
vidual inverter power limit command to the inverter or invert-
ers. In another embodiment, the system may further comprise
a site meter in communication with the controller through the
network. In another embodiment, the controller of the system
of the invention receives site inverter power feedback from
the site meter. In another embodiment of the system of the
invention, the controller receives inverter power feedback
from each inverter. In another embodiment, the controller of
the system of the invention comprises at least one processing
element, a form of computer-readable memory, and a set of
computer-executable instructions configured for performing
one or more of the processes and operations according to the
invention that are described and/or depicted in this disclosure.
In another embodiment, the controller of the system of the
invention is in further communication with a remote com-
puter through said network, wherein said remote computer is
configured with an operator interface.

In another embodiment, the present invention provides a
computer program product comprising a set of computer-
executable instructions configured for performing one or
more of the processes and operations according to the inven-
tion that are described and/or depicted in this disclosure that
is storable in a form of computer-readable memory or on a
computer-readable medium.

In another embodiment, the present invention provides a
device comprising at least one processing element, a form of
computer-readable memory, and a set of computer-execut-
able instructions configured for performing one or more of
the processes and operations according to the invention that
are described and/or depicted in this disclosure.
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Specific embodiments of the invention provide a method of
power limit control for a renewable energy site comprising
generating a site power limit command by: (i) calculating a
feed-forward power limit reference PlimRef[k]; (i) integrat-
ing an error integral term; and (iii) adding said feed-forward
power limit reference to said error integral term to yield a
site-wide power limit command for a renewable energy site.

Such methods can also comprise dividing said site-wide
power limit command by a number of enabled inverters at the
site to obtain an individual inverter command.

Such methods can also comprise generating an individual
inverter power limit command from either: i) a maximum
based on said inverter power limit command and feedback; or
ii) a slew rate limit to said site-wide power limit command.

Any of these methods, and other methods disclosed herein,
can also comprise steps of calculating a power limit integrator
limit and calculating a power limit integrator increment.

Such methods can include steps wherein said calculating of
said feed-forward power limit reference is performed by a
power limit reference slew control process comprising: (a)
providing site inverter power feedback and an operator power
limit reference; and (b) calculating said power limit reference
based on: 1) an upper limit based on said site inverter power
feedback and said operator power limit reference; ii) a slew
increment; and iii) said operator power limit reference.

Methods of the invention can comprise loop delay com-
pensation of said feed-forward power limit reference. For
example, said loop delay compensation in embodiments can
comprise offsetting said feed-forward power limit reference
by the delay term D to yield PlimRef[k-D]. Further, for
example, said loop delay compensation in embodiments can
be implemented by setting the delay term D to a nonzero
number corresponding to the loop delay.

In embodiments, said power limit integrator limit can be
calculated based on one or more or all of: 1) said PlimRef[k-
DJ; 1) maximum inverter power feedback; iii) number of
enabled inverters; and iv) site rated power limit reference.

Said power limit integrator increment can be calculated by
multiplying a site power error and a gain which depends on a
number of saturated inverters. For example, said power limit
integrator increment in embodiments can be calculated by: 1)
subtracting site inverter power feedback from said PlimRef
[k] or PlimRef[k-D] to generate an error term; and/or ii)
scaling said error term by a saturation gain term and a con-
stant Ki to generate a scaled error term.

In embodiments, said scaled error term can be integrated
by: i) providing said scaled error term; and ii) integrating said
scaled error term until it reaches said integrator limit to pro-
vide said error integral term.

In such methods of the invention, a windup of said scaled
error term integration can be minimized by said integrator
limit. Alternatively or in addition, windup of said scaled error
term integration can be minimized by halting the integration
when one or more or all applies: 1) a number of inverters free
to produce more power (NumlnvFree) is zero; ii) said scaled
error term reduces the absolute value of said integral term.
Further, in embodiments, said error integral term can be
added to said PlimRef[k] to provide a numerator for said
power limit command distribution.

According to aspects of the invention, methods can be
configured such that said power limit command distribution
comprises dividing said numerator by said number of enabled
inverters to generate a distributed site power limit command.

Any of the methods described herein can involve calculat-
ing an inverter power limit command upper limit. For
example, said inverter power limit command upper limit cal-
culation can be a function of said inverter power limit com-
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mand and inverter power feedback. Alternatively or in addi-
tion, said inverter power limit command can be calculated
based on an inverter power limit command slew control pro-
cess.

In embodiments, said slew control process can be a func-
tion of: i) said inverter power command upper limit; and/or ii)
a slew rate limit, which is applied when the inverter is
detected as open loop and is a function of a slew rate incre-
ment; and/or iii) said site power limit command. Said slew
rate increment can be equal to an inverter power rating when
the inverter is not open loop.

An inverter according to methods and systems of'the inven-
tion can be detected as open loop when said inverter power
limit command is not equal to said site power limit command.
Likewise, an inverter is not detected as open loop when said
inverter power limit command is equal to said site power limit
command.

Systems are also included within the scope of the inven-
tion, such as a system configured to perform one or more
method or method steps described in this specification. For
example, provided by embodiments of the invention is a
system of power limit control for a renewable energy site
comprising: one or more inverters; and a power limit control-
ler in operable communication with at least one of the one or
more inverters and operably configured to generate a site
power limit command by: (i) calculating a feed-forward
power limit reference PlimRef[k]; and/or (ii) integrating an
error integral term; and/or adding said feed-forward power
limit reference to said error integral term to yield a site power
limit command for a renewable energy site.

Such systems can comprise distributing said site power
limit command among some or all of said one or more invert-
ers which are enabled at the site.

Alternatively or in addition in such systems, the power
limit controller can be operably configured to generate an
inverter power limit command. Alternatively or in addition,
the power limit controller can be operably configured to cal-
culate a power limit integrator limit and to calculate a power
limit integrator increment.

In systems of the invention, the at least one of said one or
more inverters can be in two-way communication with said
controller through a network.

Alternatively or in addition, said controller of such systems
can be operably configured to send a site power limit com-
mand or an individual inverter power limit command to at
least one of or all of said one or more inverters.

Optionally, in system embodiments of the invention, the
systems can comprise a site meter in communication with
said controller through said network. In any of the systems
described herein, said controller can be operably configured
to receive site inverter power feedback from said site meter. In
system embodiments, said controller can be operably config-
ured to receive inverter power feedback from each of said one
ormore or all inverters. Additionally, systems of the invention
can comprise any number of inverters.

In system embodiments of the invention, said controller
can comprise: 1) at least one processing element; ii) a form of
computer-readable memory; and iii) a set of computer-ex-
ecutable instructions configured for performing one or more
method or one or more method step described in this speci-
fication. Additionally or alternatively, the controller can be in
communication with a remote computer through said net-
work, wherein said remote computer is configured with an
operator interface.

Also included within the scope of the invention is a com-
puter program comprising a set of computer-executable
instructions operably configured for performing one or more
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method described in this specification, which program is
storable in a form of computer-readable memory or on a
computer-readable medium.

Included within the scope of the invention is a device
comprising: 1) at least one processing element; ii) a form of
computer-readable memory; and iii) a set of computer-ex-
ecutable instructions configured for performing one or more
method or one or more method steps described in this speci-
fication.

Methods of the invention can alternatively or in addition
comprise a method of power limit control for a renewable
energy site, said method comprising Loop Delay compensa-
tion wherein said Loop Delay compensation is implemented
by setting delay term D to a nonzero number corresponding to
loop delay in either of two cases: (i) subtracting present
inverter feedback signal from a corresponding reference gen-
erated LoopDelay seconds prior in order to compute an inte-
gration error increment; or (ii) basing inverter level power
limit maximum on an inverter command generated L.oopDe-
lay seconds prior.

Additional embodiments of the invention and aspects of
these embodiments will become apparent in the foregoing
detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a renewable energy site
control loop.

FIG. 2 is a block diagram of a renewable energy site real
power limit control.

FIG. 3A is a block diagram showing an overview of an
exemplary embodiment of renewable energy site real power
limit control according to the invention which depicts the
following processes: power limit reference slew control,
power limit integrator limit control, power limit integrator
increment calculation, power limit integration, and power
limit command distribution.

FIG. 3B is a block diagram showing an expanded view of
an exemplary embodiment of the power limit reference slew
control process shown in FIG. 3A.

FIG. 3C is a block diagram showing an expanded view of
an exemplary embodiment of the power limit integrator limit
control process shown in FIG. 3A.

FIG. 3D is a block diagram showing an expanded view of
an exemplary embodiment of the power limit integrator incre-
ment calculation process shown in FIG. 3A.

FIG. 3E is a block diagram showing an expanded view of
an exemplary embodiment of the power limit integration
process shown in FIG. 3A.

FIG. 3F is a block diagram showing an expanded view of an
exemplary embodiment of the power limit command distri-
bution process shown in FIG. 3A.

FIG. 4 is a block diagram showing an exemplary embodi-
ment of an integrator anti-windup process according to the
invention.

FIG. 5A is a block diagram showing an overview of an
exemplary embodiment of renewable energy site inverter real
power control according to the invention which depicts the
following processes: inverter power limit command upper
limit computation, inverter power limit command slew con-
trol, and open loop detection.

FIG. 5B is a block diagram showing an expanded view of
an exemplary embodiment of an inverter power limit com-
mand upper limit computation process shown in FIG. SA.

FIG. 5C is a block diagram showing an expanded view of
an exemplary embodiment of an inverter power limit com-
mand slew control process shown in FIG. 5A.
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FIG. 5D is a block diagram showing an expanded view of
an exemplary embodiment of an open loop detection process
shown in FIG. 5A.

FIG. 6 is a schematic diagram showing an embodiment of
a renewable energy site system according to the invention
wherein a main site controller is configured for controlling a
plurality of inverters through a network.

DETAILED DESCRIPTION OF VARIOUS
EMBODIMENTS OF THE INVENTION

Reference will now be made in detail to various exemplary
embodiments of the invention. However, the embodiments
described in the description and shown in the figures are
illustrative only and are not intended to limit the scope of the
invention, and changes may be made in the specific embodi-
ments described in this specification and accompanying
drawings that a person of ordinary skill in the art will recog-
nize are within the scope and spirit of the invention.

Conventional power limit controllers produce a single site
power limit command, PLimCom, that is distributed equally
across inverter controllers. A typical control process is shown
in block diagram form in FIG. 2. As shown in FIG. 2, the
typical control process 24 calculates 26 a feed-forward power
limit reference (PlimRef) 35 based on inputs such as site
maximum power (SiteMaxPower) 29, site slew increment
(SiteSlewlInc) 31, and operator power limit reference (Opera-
torPlimREf) 33. A power limit (Plim) integrator increment
process 36 first subtracts 37 site inverter power feedback
(SitelnvPowerFB) 39 from the feed-forward term 35. Then,
the difference, total site power error 41 is multiplied 45 by the
integrator time constant, Ki 43. The product 47 of this mul-
tiplication (the power limit integrator increment) is then
added to e_sum 49 by the Plim integrator 48 to generate new
summed error term (e_sum) 51. PlimRef 35, which may
bypass 53 the integrator 48 or be used as input to the integrator
increment 36, is added 55 to e_sum 51, the sum 57 of which
is the power limit command, which is then processed by the
Plim command distribution. This occurs by first dividing 61
the power limit command 57 by inverted rated power 59. The
quotient 63 from this division 61 and a maximum inverter
power upper limit 65 are used to calculate 67 the distributed
power limit command (PLimCom) 69.

In the case of conventional controllers, the power error is
processed by an integral (I) controller or other integral-type
controllers such as proportional-integral (PI) or proportional-
integral-derivative (PID). FIG. 2 shows an integrator imple-
mentation, but could be modified for PI or PID as well. The
reference is slewed to provide a feed-forward power limit
reference 35, which may be used in place of the integrator
output 51 but not at the same time.

The present invention builds upon the traditional power
limit controller to provide a method of power limit control to
a renewable energy plant that overcomes difficulties com-
monly found in conventional controllers. One major issue
present in conventional controllers is poor utilization of avail-
able power near limits of inverter saturation when available
power is unequally distributed among inverters. The plant can
appear quite nonlinear in this situation and performance suf-
fers if appropriate anti-windup and saturation-dependent
integration techniques are not used. Another issue is degraded
controller dynamic response due to significant delay in the
communications channels used to implement the control
loop. Loop delay can result in unnecessary integrator windup
during reference slewing and general instability. It can also
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result in large site power overshoot in the case of a power
surge if power limit commands are not distributed to inverters
appropriately.

The present invention overcomes these limitations by pro-
viding methods, systems, computer program products, and
devices, which in some embodiments have one or more of the
following: an integrator with nonlinear gains, limit based
anti-windup, a power limit control term based on the sum of
both integrator and feed-forward terms, and an inverter-level
controller designed to meet slew rate and site power over-
shoot constraints. In an exemplary embodiment, power limit
control of the present invention is broken into two levels of
control: a site-wide real power limit control that produces a
single site-wide command, SitePlimCom, for all inverters,
and an inverter-level power limit control that outputs a com-
mand, Inv[x].PlimCom][k], for individual inverters.

Reference will now be made to block diagrams that illus-
trate the processes and operations of methods, systems,
devices, and/or computer program products according to
exemplary embodiments of the invention. However, there
may be variations in the order of these operations, elimination
of'one or more operations, or substitution or addition of one or
more new operations, that fall within the scope of the inven-
tion as appreciated by a skilled artisan.

FIGS. 3A-3F show these processes and operations. FIG.
3 A shows an overview of an embodiment of site real power
limit control 100 according to the invention. The site real
power limit control 100 includes the following processes:
power limit (Plim) reference slew control 110, Plim integrator
limit control 130, Plim integrator increment calculation 140,
Plim integration 150, and Plim command distribution 160. As
will be described in further detail, the Plim reference slew
control 110 calculates a feed-forward power limit reference
that is used as input for the Plim integrator increment process
140 to calculate an integrator increment which is integrated
by the Plim integration process 150 to calculate an error
integral (or summed error term) that is limited by a value that
is set by the Plim integrator limit control 130. The feed-
forward power limit reference and error integral are summed
and used to generate the distributed Plim command 160 by
dividing by the number of enabled inverters on the site. As
described in this specification, “enabled inverters” refer to
those inverters which are both online and running. This com-
mand equally distributes the site power limit command
among operating inverters. Certain exemplary embodiments
of'these processes and their operations and their interconnec-
tion will be further described below.

Reference will now be made to FIG. 3B which shows an
embodiment of the feed-forward reference slew control pro-
cess 110 according to the invention. The following merely
describes one example of a feed-forward power limit refer-
ence generating process. For example, in one embodiment,
the feed-forward reference PlimRef[k]|123 may be calculated
122 by first slewing the operator power limit reference, as
shown in FIG. 3B wherein 1111 represents the operator
power limit reference (OperatorPlimRef). The slew rate may
be set by a slew increment 117, which is the maximum
amount that the power limit may change in one control period.
Second, an upper limit 115 may be imposed on the site power
limit reference 123. This upper limit 115 is the maximum 114
of site power feedback (SitelnvPowerFB) 113 and Operator-
PlimRef 111. The lower limit 121 may be set at zero. This
upper limit 115 eliminates unnecessary slew time and asso-
ciated windup in some cases by allowing the feed-forward
reference 123 to immediately drop to near the point at which
the site power will begin to reduce with respect to the power
limit reference 123. The feed-forward term 123 is designed to
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improve the power limit command response to a change in
site power reference under ideal conditions when the integra-
tor is a small fraction of the total command. In such cases, the
effects of the feedback loop, and hence loop delay, are mini-
mized. The feed-forward reference 123 may be time delayed
124 by the delay term D to generate a delayed feed-forward
reference PlimRef[k-D]125.

Since the power limit controller often operates at available
site power limits, saturation compensating techniques such as
integrator anti-windup are essential for quick transitions in
and out of site power limits. In one embodiment, shown in
FIG. 3C, anti-windup may be implemented by imposing an
upper limit 139 e_sum_max on the integrator 150 by the Plim
integrator limit control process 130. For example, the inte-
grator upper limit 139 may be calculated 138 as a function of
four terms: 1) PlimRef[k-D]125, which may represent the
delayed feed-forward reference if D is not 0; 2) Maximum
inverter power feedback (PMAX) 133; 3) Number of enabled
inverters (NumInvEn) 135; and 4) Site rated power limit
reference (OperatorSiteRatedPower) 137.

The integrator limit 139 of the present invention prevents
the integrator from increasing more than a certain fraction of
the site rated power beyond the command for which no invert-
ers are capable of producing more real power. By minimizing
integrator windup in this way, the controller dynamic perfor-
mance is dramatically improved for operation near the site
available power limit.

Turning to FIG. 3D, an embodiment of a process in which
a Plim integrator increment is calculated 140 is shown. In this
embodiment, the increment may be calculated as follows.
First, the site power error 143 is calculated by subtracting 142
site total power feedback 113 from the power limit reference
123. The error 143 may be multiplied 148 by a gain composed
of a constant, Ki 147, and a varying term called the Satura-
tionGain 145. “Ki” as referred to in this specification is the
classical integrator gain term typically used in PI or I control-
lers, and sets the time constant of the integrator. The Satura-
tionGain term 145 may be computed based on the number of
inverters currently not saturated, that is, capable of generating
more real power. This time-varying SaturationGain term 145
is key to quickly maximizing site available power when avail-
able power is limited and unequally distributed among invert-
ers.

As shown in FIGS. 3E and 3F which depict the power limit
integration process 150 and the power limit command distri-
bution process 160 the scaled error 149 is then summed 152
with the error sum (e_sum) wherein the upper limit 139 is set
154 to this sum 153 and the resulting error integral (e_sum)
155 is summed 156 with the power limit reference 123 to
generate a sum 157, the site-wide power limit command,
which is divided 162 by NumInvEn 135 to yield the distrib-
uted site power limit command (SitePLimCom) 163.

In another embodiment, anti-windup is implemented by
simply halting the integrator when either all inverters are
either deemed saturated, such that the number of inverters
freeto produce more power (NumlInvFree) is zero, or the error
is reducing the absolute value of the integral. In this case, the
anti-windup would appear as FIG. 4 which shows an error
integrator 200 with integral anti-windup 210. As shown in
FIG. 4, the error 249 is summed 202 in either two situations
(as indicated by OR operator, 224): situation 221 when the
number of free inverters 219 is greater than 220 zero 217 or
situation 223 when upon conversion 212 and 214 of the
summed errors 203 and 205 to absolute values, A 213 and B
215, A is less than B 216. When either of these conditions is
present 225, error_sum is generated 205, if not, the integrator
is halted 204.
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FIG. 5A shows an overview of an embodiment of inverter-
level real power control 300 for generating a command for
individual inverters. The inverter-level real power control 300
may comprise one or more of the following processes:
inverter PlimCom upper limit computation 310, inverter
PlimCom slew/limit control 320, and open loop detection
340. These processes and their operations will be shown in the
following figures.

As shown in FIGS. 5B and 5C, the site-wide inverter com-
mand ofthe present invention may then be further constrained
atthe inverter level. For example, to reduce site overshoot and
rapid site power increase in the case of dramatic disturbances
in available power, the site-wide inverter command 329 may
be further constrained at the inverter level by either of two
limits: 1) As shown in FIG. 5B, an upper limit PlimMax 315
which may be a function 314 of the inverter power feedback
Inv[x].Power 311 and the current power limit command Inv
[x].PlimCom[k-D]313. The upper limit 315 is preferably
designed to limit the worst case site-wide overshoot that
might result from a steep disturbance in site available power.
The lower limit as shown in FIG. 5C is set to zero 331. 2) As
shown in FIG. 5C, a slew rate limit 327 which may be calcu-
lated 326 only when the inverter is considered open loop
Inv[x].OL 321. As used in this specification and shown in the
open loop detection process 340 of FIG. 5D, an inverter is
deemed “open-loop” when its command 333 is not equal to
the site-wide inverter command (SitePLimCom) 329. While
open loop 321, the inverter command 333 will preferably
slew toward the site-wide inverter command 329 until it
reaches it, at which point 342 the inverter is deemed not open
loop (or closed loop). When not open loop, the inverter power
limit command slew rate limit 327 is preferably released by
applying a slew increment InvSlewlnc 325 equal to the
inverter power rating InvRatedPower 323.

Another advantage of the present invention, only some of
which are described herein, is it provides a simple method for
correcting problems introduced by loop delay. Delay presents
a major challenge to any control loop. In practice, there is a
delay of a few seconds from site controller power limit com-
mand output to inverter power feedback. One technique for
handling delay is computing a feed-forward control term
based on known information about the site. The site power
limit feed-forward term, for example, assumes that, under
ideal conditions, the inverters will be able to track their power
limit commands within one control period. This way, under
ideal conditions the integrator will not have to wind up at all
and thus dependence on the feedback loop and any associated
delay has been eliminated.

Ideally, delay compensation would involve predicting
future inverter states by extrapolating current ones and using
this information to optimally distribute power commands to
the site. The present invention, in one embodiment, provides
a simpler technique to ensure that comparisons between com-
mands and feedbacks use the command generated at the time
t-LoopDelay rather than the present command. This tech-
nique is effective at improving dynamic performance when
the command signal is varying with time. As shown in FIG.
5D, this feature is preferably implemented by setting the D
offset to the loop delay to implement a time delay block 324
and corresponding delayed signal (Inv[x].PlimCom[k-D])
313. To turn the feature off, D would be set to 0. This may be
used in two places in the controller as shown by the following
examples. First, the power limit reference, PlimRef[k-D],
supplying the error term in the site power limit controller is
replaced by PlimRef[k-LoopDelay/Ts], or just PlimRefk-
LoopDelay], since the control period, Ts, is 1 second in this
application. This prevents unnecessary windup which can
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occur while slewing the reference while the site is not satu-
rated. Such a case should not require integrator windup, since
the inverters track their commands with high precision. Sec-
ond, the power limit command, Inv[x].PlimCom[k-D]|313,
entering the power limit command maximum block 314 with
inverter feedback power, Inv[x].Power 311 as shown in FIG.
5B, is replaced by Inv[x].PlimCom[k-LoopDelay]|. This
change leads to more stable and reliable site power limit
control.

It will be understood that the various processes and opera-
tions of the Site Real Power Limit Control 100 and Inverter
Real Power Control 300 described and/or depicted herein
may be carried out by a group of computer-executable
instructions that may be organized into routines, subroutines,
procedures, objects, methods, functions, or any other organi-
zation of computer-executable instructions that is known or
becomes known to a skilled artisan in light of this disclosure,
where the computer-executable instructions are configured to
direct a computer or other data processing device to perform
one or more of the specified processes and operations.
Embodiments of the invention include one or more computers
or devices, or systems with such computers or devices, loaded
with a set of the computer-executable instructions described
herein wherein the one or more computers or devices are
instructed and configured to carry out the processes and
operations of the invention. The computer or device perform-
ing the specified processes and operations may comprise at
least one processing element such as a central processing unit
and a form of computer-readable memory which may include
random-access memory (RAM) or read-only memory
(ROM). The computer-executable instructions can be embed-
ded in computer hardware or stored in the computer-readable
memory such that the computer or device may be directed to
perform one or more of the processes and operations depicted
in the block diagrams and/or described herein. Embodiments
of the invention also include a computer program product
comprising one or more computer files comprising a set of
computer-executable instructions for performing one or more
of the processes and operations described and/or depicted
herein. In exemplary embodiments, the files may be stored
contiguously or non-contiguously on a computer-readable
medium, in computer-readable memory on a single computer,
or distributed across multiple computers. A skilled artisan
will further appreciate, in light of this disclosure, how the
invention can be implemented, in addition to software, using
hardware or firmware. As such, as used herein, the operations
of the invention can be implemented in a system comprising
any combination of software, hardware, or firmware.

In an exemplary embodiment, a single computer or device
may be configured at a renewable energy site to serve as a
single Main Site Controller which receives feedbacks from
the inverters and the site power meter and sends the site real
power limit command and the inverter real power limit com-
mand through a network such as shown in FIG. 1 to one or
more inverters of the renewable energy site. For example,
FIG. 6 shows an embodiment of a renewable energy site
system 400 according to the invention comprising a plurality
of stations 410. Here the stations 410 are referred to as Solar
Ware® stations, each station comprising at least one inverter
420. As illustrated, the stations 410 each comprise at least two
inverters 420. In the context of the invention, there is no limit
to the number of Solar Ware® stations that can be included in
site system 400. The Solar Ware® stations 410 of system 400
may be interconnected using Ethernet connectivity wherein
data is transmitted between stations through a Modbus TCP
protocol 430. Commands and feedbacks may be sent to and
from the inverters through a network interface such as an
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Ethernet switch 440. However, any suitable network protocol,
including 1P, UDP, or ICMP, as well any suitable wired or
wireless network including any local area network, Internet
network, telecommunications network, Wi-Fi enabled net-
work, or Bluetooth enabled network may be used. The Main
Site Controller 450 may be configured at one Solar Ware®
station 410 to control the inverters 420 as well as receive
inputs from the inverters 420 and from the site meter. The
Main Site Controller 450 may allow an operator to control the
power at the renewable energy site through an operator inter-
face which may be a graphical user interface (GUI) which
may be present at the Main Site Controller itself or be pre-
sented as an HT'TP webpage 460 that may be accessed by the
operator at a remote general purpose computer with a proces-
sor, computer-readable memory, and standard 1/O interfaces
such as a universal serial bus (USB) port and a serial port, a
disk drive, a CD-ROM drive, as well as one or more user
interface devices including a display, keyboard, keypad,
mouse, control panel, touch screen display, microphone, etc.
for interacting with the Main Site Controller through the GUI.
The Main Site Controller 450 may be used to control the
power limits of any renewable energy site employing one or
more inverters that is connected to the public power grid,
including but not limited to solar (photovoltaic), wind, and
tidal energy sites.

The present invention has been described with reference to
particular embodiments having various processes and opera-
tions. It will be apparent to those skilled in the art that various
modifications and variations can be made in the practice of
the present invention without departing from the scope or
spirit of the invention. For example, in other embodiments,
the power error may be processed by other types of integra-
tion processes such as Pl or PID. Further, one skilled in the art
will recognize that these processes and operations may be
used singularly or in any combination, or one or more may be
eliminated or substituted with an equivalent operation or pro-
cess based on the requirements and specifications of a given
application or design. Other embodiments of the invention
will be apparent to those skilled in the art from consideration
of'the specification and practice of the invention. The descrip-
tion of the invention provided is merely exemplary in nature
and, thus, variations that do not depart from the essence of the
invention are intended to be within the scope of the invention.

The invention claimed is:

1. A method of power limit control for a renewable energy
site comprising:

generating a site-wide power limit command by:

calculating a feed-forward power limit reference Plim-
Ref[k];

integrating an error integral term; and

adding said feed-forward power limit reference to said
error integral term to yield said site-wide power limit
command for the renewable energy site; and

dividing said site-wide power limit command by a num-
ber of enabled inverters at the renewable energy site to
obtain an individual inverter command.

2. The method of claim 1 comprising Loop Delay compen-
sation wherein said Loop Delay compensation is imple-
mented by setting delay term D to a nonzero number corre-
sponding to loop delay in either of two cases:

subtracting present inverter feedback signal from a corre-

sponding reference generated LoopDelay seconds prior

in order to compute an integration error increment; or
basing inverter level power limit maximum on an inverter

command generated LoopDelay seconds prior.

3. The method of claim 1 comprising generating an indi-
vidual inverter power limit command from either: i) a maxi-
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mum based on said inverter power limit command and feed-
back; or ii) a slew rate limit to said site-wide power limit
command.

4. The method of claim 1 comprising calculating a power
limit integrator limit and calculating a power limit integrator
increment.

5. The method of claim 1, wherein said calculating of said
feed-forward power limit reference is performed by a power
limit reference slew control process comprising:

providing site inverter power feedback and an operator

power limit reference; and

calculating said power limit reference based on:

1) an upper limit based on said site inverter power feed-
back and said operator power limit reference;

ii) a slew increment; and

iii) said operator power limit reference.

6. The method of claim 1 comprising loop delay compen-
sation of said feed-forward power limit reference, wherein
said loop delay compensation comprises offsetting said feed-
forward power limit reference by a delay term D to yield
PlimRef[k-D].

7. The method of claim 6, wherein said loop delay com-
pensation is implemented by setting the delay term D to a
nonzero number corresponding to a loop delay.

8. The method of claim 4, wherein said power limit inte-
grator limit is calculated based on one or more of:

i) a PlimRef[k-DJ;

i) maximum inverter power feedback;

iii) number of enabled inverters; and

iv) site rated power limit reference.

9. The method of claim 4 wherein said power limit inte-
grator increment is calculated by performing one or more of:
1) multiplying a site power error and a gain which depends on
anumber of saturated inverters; or ii) subtracting site inverter
power feedback from said PlimRef[k] or PlimReflk-D] to
generate an error term and scaling said error term by a satu-
ration gain term and a constant Ki to generate a scaled error
term.

10. The method of claim 9, wherein said scaled error term
is integrated by:

1) providing said scaled error term; and

ii) integrating said scaled error term until it reaches an

integrator limit to provide said error integral term.

11. The method of claim 10, wherein windup of said scaled
error term integration is minimized: 1) by said integrator limit;
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or ii) by halting the scaled error term integration when one or
more applies: (a) a number of inverters free to produce more
power (NumlnvFree) is zero; or (b) said scaled error term
reduces an absolute value of said error integral term.

12. The method of claim 10, wherein said error integral
term is added to said PlimRef[k] to provide a numerator for a
power limit command distribution.

13. The method of claim 12, wherein said power limit
command distribution comprises dividing said numerator by
said number of enabled inverters to generate a distributed site
power limit command.

14. The method of claim 1, wherein an inverter power limit
command upper limit is calculated as a function of said
inverter power limit command and inverter power feedback.

15. The method of claim 1, wherein said inverter power
limit command is calculated based on an inverter power limit
command slew control process as a function of:

1) an inverter power command upper limit; or

ii) a slew rate limit, which is applied when the inverter is

detected as open loop and is a function of a slew rate
increment; and

iii) said site-wide power limit command.

16. A system of power limit control for a renewable energy
site comprising:

one or more inverters; and

apower limit controller in operable communication with at

least one of the one or more inverters and operably

configured to generate a site-wide power limit command

by:

calculating a feed-forward power limit reference Plim-
Ref[k];

integrating an error integral term;

adding said feed-forward power limit reference to said
error integral term to yield said site-wide power limit
command for the renewable energy site; and

dividing said site-wide power limit command by a num-
ber of enabled inverters at the renewable energy site to
obtain an individual inverter command.

17. The system of claim 16 comprising distributing said
site power limit command among some or all of said one or
more inverters which are enabled at the renewable energy site.

18. The system of claim 16 wherein the power limit con-
troller is operably configured to generate an inverter power
limit command.



